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SUMMARY *

Humans appear to be able to tolerate high levels of sodium thiosulfate
but use in foods, according to NAS/NRC, is very low. It is also a normal
constituent of human and higher animal sulfur pools. The pharmacologic
effects that are observed appear to be related to the relatively nonspecific
anti-oxidative properties or salt effects and are short-lived due to the rapid

metabolism and excretion of this salt.
Toxicity

One of 5 dogs succumbed after an injection of 1.9 gm/kg of anhydrous sodium
thiosulfate. The survivors presented metabolic acidosis along with hypoxemia,
increased arterial and venous pressure, tachycardia, tachypnea and ECG changes,
most of which were probably due to the hyperosmolality and hypernatremia (80).
Five humans failed to evoke "symptoms or signs" when they received 64.8 gm
(ca 1.08 gm/kg) over a 12 hr period and two other volunteers receiving 200 and
250 gm (3.3 and 4.2 gm/kg) i.v. over a 2 week period failed to disclose any
' changes of blood morphology or blood chemical findings from those parameters
followed (201). However, slight to moderate cyanosis was reported in human
patients after 1-2 weeks on a schedule of 3 gm/day orally (295). Anasarca has
also been observed in human patients treated with the thiosulfate (113).
Multiple sclerosis patients have shown improvement in their condition with no
observed side affects after receiving injections of 10-33 mg/kg almost daily
for up to 66 days (231). '

* References listed in the secondary source material bibliography at the end

of this monograph have been searched for pertinent data.



At a level of ca 125 mg/kg daily i.m. rats developed deleterious changes
in various organs. Changes in the capillary walls of the thyroid and adrenal
cortex were visible at 4 weeks and after 3 months the vessels of the kidneys
displayed clear changes, including atrophy of the glomerula and dilation of
the glomerular capillaries which were permeable to plasma. An increased
permeability of liver capillary walls and an increase in Kupffer cells were
noted (306).

Pharmacology

A variety of pharmacologic activities have been reported for thiosulfate.
Some of these activities are related to the strong reducing capabilities of

the anion and others to chelating properties (S4,294).

The intravenous administration of 0.49 or 0.97 gm sodium thiosulfate
caused a remission of allergic diseases in humans, including migraine,
urticaria, Arthus reaction and serum anaphylaxis (160). Guinea pigs sensitized
to human or bovine serum did not respond with a typical anaphylactic reaction
when 27 sodium thiosulfate was added to the provoking serum (153). This
anti-allergic response appears to involve a direct action on some protein fraction
(153) but may be related, in part, to a rise of histaminase and cholinesterase

activity of the guinea pig's blood (146).

Sodium thiosulfate reactivated thyrotrophin (TSH) which had previously been
deactivated by treatment with iodine, in vitro. Two bioassay procedures were
employed; when injected into guinea pigs cuboidal epithelial cell height of
the thyroid indicated that 55% of activity was restored (174) and pretreatment
with 10 ! M thiosulfate restored some mouse TSH activity as measured by the
rise of circulating I!3!, previously injected (347). Large doses (1-2gm) of
sodium thiosulfate are able to increase blood and liver levels of glutathione
(12) and the concomitant increase in oxygen saturation and oxyvgen capacity
by thiosulfate action on this oxidation catalyst has been clinically useful
in the therapy of thromboangiitis obliterans (314). The oxygen saturation
of hemoglobin, however, was found to decline in humans from an average of 94.57
before dosing to 88.5% after receiving 3 gm thiosulfate daily orally. The

level returned to normal after treatment had been stopped for 1 week (295).



A variety of effects on blood and blood components have also been reported.
A three-fold stimulation of the phagocytic activity of polymorphonuclear
leukocytes in vitro was accomplished by 0.0 N solutions of thiosulfate (191).
In vitro inhibition of clot formation by 0.017 gm thiosulfate per cc blood
was unaffected by the addition of calcium, thus indicating that the chelation
of calcium is not significant. Because large doses are required to elicit
an inhibitory clotting response in human patients, a probable nonspecific effect
is acting. As much as 250 gm were administered over one week in the latter
experiment i.v. and this large amount "failed to disclose any changes of blood

morphology or blood chemical finding." (201).

Pharmacolytic interaction studies have been noted. A dose of 15 mg/100 ml
of a gelatin solution prevented mercurial induced thrombosis in rabbit ears by
converting mercuric ions to the mercurous form (264). A 10% thiosulfate solution
administered i.v. caused a shift to the right of the LDsp (a decrease in the
toxicity) of 1-methyl-1-(8 -chloroethyl)-ethylimonium picrylsulfonate, a nitrogen
mustard, in rabbits (37). The in vitro addition of 100-150 mg/kg of thiosulfate
blocked the curare activity of D-tubocurarine in the sciatic nerve of the hind
leg of the frog (57) while 2g/kg. s.c. antagonized the adrenmergic blocking
effect of dibenzyline (246).

The oncolytic effects of sodium thiosulfate in the diet or s.c. inhibited
the carcinogenic effects of methylcholanthrene and ethylurethane in mice (147)
and rats (204) or rabbits (205). Intravenous administration of 33 mg/kg/day
did not alter the course of patients with lymphadeno leukemia, Hodgkins disease

or lympho sarcoma (262).

Oral fate and metabolism

Thiosulfate is a normal constituent of the urine of higher animals. The
output of normal animals on their usual diet has been measured in guinea pigs,
rabbits, cows, a horse, cats (S2) and dogs (354, S2). It was not found in the
urine of another dog fed 88 mg/kg sodium thiosulfate or other sulfur compounds
(289). A few authors have been unable to find low levels of thiosulfate in
urine but, presumably, this was due to the insensitivity of earlier methods of

analysis (S2). When the 24 hr urine of 28 normal human subjects subsisting on



their usual diets, was assayed by a sensitive and specific procedure thiosulfate
was present in all samples, ranging from 2.1 - 16.6 mg (112), and in another
study of 8 human subjects on varied diets, sodium thiosulfate output ranged

from 5.4 - 8.1 mg/liter (S2).

The level of thiosulfate excreted can be correlated with the protein
level of the diet, When human subjects lowered their protein intake thiosulfate
output fell correspondingly, and with this fall appeared a concomitant decrease
in total sulfur and nitrogen present in the urine (112). Thus, sulfur-containing
amino acids are a source of the endogenous thiosulfate pool. This was clearly
demonstrated in a study with rats. After an s.c. injection of radioactively
labeled S35~cystine 2% of label was found in the urine as thiosulfate. However,
when this injection was accompanied by 200 mg of unlabeled sodium thiosulfate
pentahydrate to prevent further oxidation of cystine-generated thiosulfate, its
fraction of the label jumped to 33% (311). Rat liver extract catalyzed the
oxidation of sulfide to thiosulfate (22) and in the presence of rat liver
homogenate and sulfite 0.01 M mercaptopyruvate was converted into thiosulfate
within 30 min at 37° (303). A sequence of previously established reactions was
then formulated through which one molecule of thiosulfate could be produced

from two molecules of cysteine with mercaptopyruvate as an intermediate (303).

Orally administered thiosulfate is subject to some attack in the gastro-
intestinal tract. At the pH of the stomach it is decomposed in vitro into
sulfur, sulfite and a few minor products at a rate (S3) competitive with the
rate of movement of food through the stomach. In the small intestine some
small amount of bacterial metabolism may take place, because the mixed bacterial
flora from the comminuted small intestinal mucosa of dogs have been shown to

slowly transform thiosulfate into hydrogen sulfide.

More important is the absorption of thiosulfate by the gut mucosa and
passage into the portal venous system whereupon it is rapidly excreted or
oxidized to sulfate. The previously described artifice which was necessary to
prevent the endogenous thiosulfate pool from being converted to sulfate before
excretion (311), indicates that oxidation is fairly rapid. Rapid elimination

was confirmed when 2 gm of sodium thiosulfate was administered i.v. to normal
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Nomerniclature

A, Common names:

B. Chemical names:

C. Trade name:

CHEMICAL INFORMATION

disodium thiosulfate; "Hypo"'; antichlor;
sodium hyposulfite; sodium thiosulfate;

anhydrous sodium thiosulfate

thiosulfuric acid, disodium salt

none

D. CAS Reg. No. 7772987

Empirical Formula

Nap5,03

Structural Formula

2:}1'5

0 -2
0=¥-s
o

Molecular Weight

158.13

Specifications

A. TFood Chemicals Codex

assay:

water:

99.0% or more Na,S,03 after drying
32 - 37%

1limits of impurities

arsenic (as As): 3 ppm

heavy metals (as Pb): 20 ppm

lead: 10 ppm

selenium: 30 ppm

B. Chemical grade
Fisher Chemical Co.

1.

assay (anhydrous powder): 99.5% min
insoluble matter: 0.010%
sulfate and sulfite (as SOy): 0.30%
sulfide: 0.0001% (1 ppm)

neutrality:

passes test



humans and cancer patients; the blood thiosulfate concentration was negligible
45 min post injection and most thiosulfate excreted was collected in 2 hr urine
(262). This rapid removal from the blood stream is in part accounted for by
distribution into extracellular space (S1). When a human subject received an
oral dose of 10 gm, 807 appeared in urine as increased sulfate output by 48 hrs
and another 5.57% was thiosulfate within 28 hrs; at 5 gm the same subject passed
5.5% unmetabolized (247); diarrhea occurred at the 10 gm level. A dog of
unreported weight excreted 45 and 14% of a 1 gm i.v. and oral dose, respectively,
without oxidation (354). 1In rats, 23 and 85%, respectively, appeared as urine
\ sulfate after oral and i.p. administration (24). From 5-14% of an oral dose
appears unmetabolized in the urine, depending on dose and species, but since a
significant fraction of an i.v. dose is metabolized to sulfate (24, 311) before
excretion this 5-147 represents only a part of the fraction being absorbed into

the circulation.



2. MC & B Manufacturing Chemists
assay (anhydrous powder): 977 min
heavy metals (as Pb): 0.001% (10 ppm)
insoluble matter: 0.010%
sulfide: 0.001% (10 ppm)

VI. Description

A.

General: large, colorless crystals or a coarse crystalline

powder (Food Chemicals Codex).

Physical Properties
m.p. (pentahydrate) 40 - 45° (loses H,0)
b.p. (anhydrous): decomposes at 223°
sp. gr. (anhydrous): 1.667
solubility
500 g/liter in cold water; insoluble in alcohol

Stability
1. fairly stable in air
2. anhydrous form is deliquescent, pentahydrate effloresces

3. slowly decomposes in aqueous solution at room temperature



. Analytical Methods

1. Spectrophotometric assay in body fluids
Ref. 85

Prepare starch-iodine reagent. Place 20 pul each, of plasma

ultrafiltrate, standards and distilled water in separate test tubes.
To each add 1.000 ml of starch-iodine reagent, cover, shake, transfer

the solution to cuvettes and measure the absorbance at 590 nm.

Alternate procedure: to 200 ul of 2.5% sodium tungstate wash in
50 ul plasma with 200 ul 1/6 N sulfuric acid. Stir and centrifuge.
Treat standards similarly except substitute 1.34% sodium sulfate
for tungstate and sulfuric acid. Transfer 200 ul standard or
unknown centrifugate to test tubes, add 50 ul of water and 1.000
ml of starch-iodine reagent (adjusted with more iodine); measure

the absorbance.

Pyruvic acid, ammonium sulfate, sodium arsenite, sodium oleate

and glutathione interfere.

2. Spectrophotometric assay in urine
‘Ref. 112
Adjust urine samples to pH 7.0 - 7.5, combine 5 ml with 5 ml of

ethanol and centrifuge. Stir 100 mg of triethylenediamine nickel (II)
nitrate with the supernatant, refrigerate overnight and centrifuge.
Decant off the liquid, wash the precipitate with 1:1 ethanol:water

and recentrifuge. Dissolve the precipitate in a measured volume

of KI-dilute sulfuric acid soln and adjust the pH to 1.5 to 2.0

with 9 N sulfuric acid. Add 5 ml of iodine éoln, determine the
absorbance at 355 nm, quantitating by the method of standard additions.
The usual substances found in urine do not interfere with the determi-

nation.

3. Titrimetric assay in urine
Ref. 354

Transfer a measured volume of urine into a 250 ml volumetric

flask, neutralize it and drip in N/10 iodine to excess to insure
complete oxidation of all iodine oxidizable substances. Let the
soln stand 1/2 hr, then pour in neutral lead acetate, fill to the
mark, shake and filter., Precipitate excess lead in filtrate with

K»SOy, let it stand for 1 hr and refilter. Mix 200 ml of filtrate



with KI and starch solns and a few drops of HS04. Put in 1 drop
of phenolphthalein indicator and just enough 5% NHj3 to develop a
rose color. Reform thiosulfate (stoichiometrically 1/2 of original)
with an excess of 10% KCN, let the soln stand and increase the
volume by 25 ml with 1:3 sulfuric acid before titrating with I,.

Reforming thiosulfate with KCN insures that other reducing agents

will not interfere.
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Occurrence

A.

(a)

Plants: thiosulfate is formed in very small amounts by bacterial

(a).

action

Animals: it is present in normal human urine at a concentration
of 2-17 mg 8203'2/100 ml (112) and in the normal urine

of dogs, cats, horses, cows, rats and guinea pigs (S52).

Natural sources: 1-3 ppm have been found in certain sulfur-spring

(a) )

waters

Synthetic: sodium thiosulfate is produced commercially by the
reaction of sulfides and SO,, the reaction of sulfur
and sulfite, the oxidation of metal éulfides and
hydrosulfides(a).

Use in food: sodium thiosulfate is added to same alcoholic

beverages.

Kirk-Othmer Encyclopedia of Chemical Technology, 2nd ed.,

vol. 20, p. 231-234.
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BIOLOGICAL DATA

Acute toxicity

1. Ref. 80
Animal Sex & No. Route Dose mg/kg Measurement
Dog ?/5 i.v. 1900 LD2g

Sodium thiosulfate pentahydrate (1900 mg anhydrous Na,S;03/kg) was
injected in 10 ml of water to anesthetized mongrel dogs weighing 13 to
21 kg. One dog died within minutes of the injection. The remaining
4 dogs developed metabolic acidosis within 2 minutes of drug administration
with a slow progressive return to preinjection values over a three
hour period. Concomitant with the acidosis was a hypoxemia, hypernatremia,
increase in central venous pressure, increase in arterial pulse pressure,
tachycardia, tachypnea, ECG change including flattened, inverted T

waves and a decrease in QRS voltage.

2. Ref. 81
Method
Species: human with recurring asthma
Sex: male
Age: 28 years old
Duration of Study: 2 months
Vehicle: water
Dose Schedule: 10 ml of 20% solution (2 gm) sodium thiosulfate
i.v. and 10 ml of a 10% solution (1 gm) -calcium
gluconate i.m. twice weekly
Number: 1

Observations

After a two month treatment for chronic eczema immediately after
one treatment period the patient complained of intense distress with
the sensation of constriction of the chest, suffocation and lack of
air. Cyanosis unrelieved by artificial respiration was quickly
followed by death.



Ref. 201
Animal Sex/No. Route Dose Measurement
humans ?/5 i.v. 1.08 gm/kg No effect dose

Five patients received 64.8 gm of sodium thiosulfate over a 12
hr period. The "patients failed to evoke symptoms or signs.”" TIwo
volunteers took 200 and 250 gm i.v., respectively, over a two week
period and biweekly studies over a 4 month period "failed to disclose

any changes of blood morphology or blood chemical findings."

12
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Short—-term studies

1.

Ref. 113
Method
Species: Human
Sex: Male
Age: 45 years old
Duration: ?
Vehicle: water
Dose schedule: 1.5, 3.0 then 4.5 gm administered in a total
of 6 doses (ca 25, 50 then 4 x 75 mg/kg).
Route: 1.v.
Number: 1
Observations

A patient treated for generalized eczema with sodium thiosulfate

developed pitting edema of the lower extremities just over the knees.

Body weight was increased by 6 kilos and there was no amelioration of

the eczema. Withdrawal of thiosulfate resulted in an increase in

urine output containing a small unimportant amount of albumin (80 mg/1).

Ref. 231
Method

Species: human, all with multiple sclerosis for various times

Sex: both

Age: 13-48 yrs

Duration of study: up to 66 days

Vehicle: water

Dose schedule: day 1, ca 10 mg/kg; day 2, ca 17 mg/kg; day 3,
ca 23 mg/kg; day 4, ca 33 mg/kg; day 5, nothing;
then ca 33 mg/kg on each of the next 3 days with
a break on day 9, which 4 day pattern was continued
until up to 50 injections had been received.

Route: injection

Number of patients: 40

Observations made

No side effects from this treatment appeared; two patients only,

occasionally complained about irritation from an injection.

Of 24 chronic-progressive cages 10 improved considerably, 6

moderately, 7 slightly and 1 not at all; of 12 relapsing cases 5

13
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improved very substantially, 2 moderately and 5 slightly; of 4 acute
cases 3 improved extemsively but the other not at all. The shorter
the time that a patient had the disease, generally, the better the

improvement.

3. Ref. 295
Method

Species: human patients
Sex: ?
Age: ?
Duration of study: 1-2 weeks
Vehicle: water ?
Dose schedule: 3 gm (ca 50 mg/kg) daily of sodium thiosulfate
Route: oral
Number: 9

Observations

Patients presented slight to moderate cyanosis after 1-2 weeks on this
schedule. The oxygen saturation of arterial blood was measured by the
method of van Slyke. Oxygen saturation of 9 patients averaged 95.47%
(94-97%) before treatment, 88.5% (75-95%) after 1-2 wks on this schedule
and was back to 95.6% (94-98) after treatment had been stopped for 1 wk.

Saturation with air of blood samples from thiosulfate treated patients
did not saturate the hemoglobin as in untreated cases. An Oy pressure of
1 atm, however, did produce saturation of hemoglobin with oxygen. The
authors conclude that the oxygen~hemoglobin equilibrium had been shifted
to the right by thiosulfate, in vivo.

4, Ref. 306
Male rats received 0.05 g sodium thiosulfate (ca 125 mg/kg) daily,
intramuscularly, for &4 weeks or 3 months, after which time the animals

were sacrificed and various organs were examined.

Changes in the capillary walls of the thyroid and adrenal cortex
were visible at 4 weeks. The vessels were dilated and exhibited a lowered

alkaline phosphatase activity.

After 3 months the vessels of the kidneys displayed clear changes.
The glomerula were atrophied and hyaline; proximal tubules were expanded
and the arteries were in part expanded and in part exhibited endothelial
proliferation which caused a narrowing of the lumen. The capillaries
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of the glomerula were dilated and permeable to plasma.

In the liver an increase in interstitial fluid accompanying increased

permeability of capillary walls and an increase in Kupffer cells were

found.

Long-term studies

no information found

15
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Special studies

1. Ref. 147

The addition of 0.47%7 sodium thiosulfate (ca 600 mg/kg/day) to a stock
diet fed to 2 month old albino mice of a strain showing 0.5% spontaneous
sarcomas at the age of 1 year and 15% spontaneous pulmonary adenomas
at the age of six months inhibited two-fold the development of local

tumors up to 110 days, induced by either a 0.9 mg subcutaneous injection

of methylcholanthrene or by ethylurethane, whether the ethylurethane was

administered parenterally at 0.15 mg or in the diet at 0.15% (ca 225
mg/kg) or 0.075%.

No detrimental effect was detected to be due to the thiosulfate diet
in any of the treated groups. Food intake and body weight did not

vary significantly from that of control mice.

Similar anticarcinogenic effects due to the thiosulfate were obtained
after the administration of 0.015% p-dimethylaminoazobenzene in the diet
[ca 22.5 mg/kg].

2. Ref. 204 and 205

Thiosulfate inhibited the formation of methylcholanthrene induced tumors.

" White 120 gm rats received 1.5, 2 or 2.5 mg of methylcholanthrene s.c.

once and then 0.01 gm (84 mg/kg) or 0.02 gm (168 mg/kg) of sodium thiosulfate

every 3,4 or 6 days for 4 months. Results are presented in the table.

Inhibition of methylcholanthrene induced tumor formation by thiosulfate

Dose M* only ) M + T#*

1.5 mg M; 0.02 g T 4 tumors/9 rats 1 tumor/6 rats
every 3 days

1.5 mg M; 0.01 g T 5/12 2/7

every 3 days

1.5 mg M; 0.02 g T 13/13 11/15
every 3 days

2mg M; 0,02 g T 7/9 6/9
every 4 days

2.5 mg M;j 0.02 g T 10/12 10/15
every 6 days

M* = methylcholanthrene T = thiosulfate
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Tumors in the two groups were identical histologically, the thiosulfate
treated rats, however, presented fewer fluorescent tumors. Once a tumor

appeared thiosulfate had no effect.

It was shown that 0.20 gm Na;S,03 i.v. administered before 5 mg
methylcholanthrene i.v., increased the biliary excretion of methylcholan-
threne in 5 rabbits 3-fold as compared to control rabbits. It was postulated
that the increased biliary excretion reduces the quantity of methylcholanthrene

available to the growing tumor.

The authors suggest that the retardation of tumor development might be
affected by adrenal stimulation by the thiosulfate. They have found a
19% hypertrophy of the adrenal cortex and a 28% reduction in adrenal
ascorbic acid content in rats treated with SZO§ as compared to a 12%
hypertrophy and a 12% ascorbic acid reduction in the methylcholanthrene

only group.

3. Ref. 262

Method
Species: humans with various forms of cancer

. Sex: not stated
Age: ?
Duration of study: one or several days
Vehicle: water
Dose schedule: 2 gm (ca 33 mg/kg) once, or daily for several days
Route: 1i.v.
Number: not stated

Observations made

Fever appeared in patients with lymphadeno leukemia, Hodgkin's
disease and lymphosarcoma after 1 injection. After several injections
lymphadeno leukemia and Hodgkin's disease patients presented an
augmentation of temperature, adenopathies and splenomegaly. Substantial,
if not total, resistance to x-ray treatment after a series of injections
was noted in cases of Hodgkin's disease, lymphosarcoma and lymphadeno
leukemia, but there was little variation in leukocyte count noted.
However, cases of myeloid leukemia were not resistant to X-ray
treatment after thiosulfate. One acute myeloid "subleukemia

patient, previously in a state of equilibrium with no fever and a



leukocyte count of 10,000 (297 hemocytoblasts), presented angina,
elevated temperature, a leukocyte count of 150,000 (90% hemocytoblasts)
and ultimately death within 10 days after 6 injections of sodium

thiosoufate.

After 1 injection of sodium thiosulfate oxygen consumption
increased 4% in hyperthyroid patients, 57 in normal individuals
and 8.67% in leukemics. Blood levels of thiosulfate were at their
peak 15 min after the injection, being 5.4 mg/100 ml in normal
individuals and 4.5 mg/100 in leukemic patients; in all cases,
thiosulfate was almost undetectable in the blood after 45 min.
Within 2 hrs after injection 4 hyperthyroid patients excreted
an average of 21.7% of dose in the urine, 21 normal individuals

excreted 18.2% and 11 leukemics excreted 12.7%.

18
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BIOCHEMICAL ASPECTS

Breakdown

Ref. 322

A 1 ml suspension containing 10 mg of Thiobacillus X, physiologically
similar to 7. thioparus, was incubated with 1 u mole of labeled thiosulfate
at 23° and pH 7 in 0.1 M phosphate buffer. Within 10 sec 50% of the
thiosulfate had been metabolized; the oxidation to sulfate was complete
within 8 min. Tetrathionate was the first intermediate in this oxida-

tion.

Ref. 83

Thiosulfate decomposes mainly into sulfur and sulfite in acid
solution. After an induction period (time for sulfur to exceed its
critical supersaturation concentration) colloidal sulfur begins to
appear and can be measured spectrophotometrically. It appears after
2600 sec at pH 3 in 0.00203 M thiosulfate and after 1500 sec at pH
4 and 0.0124 M thiosulfate.



20

II1. Absorption—distribution—metabolism—excretion

1.

Ref. 6

Fresh mucosa from the small intestines of dogs were comminuted
and 50 gm were combined with 0.002 mole sodium thiosulfate. This
mixture was incubated at 38° and neutral pH in a highly aerated
system for 48 hrs. The hydrogen sulfide which evolved from thio-
sulfate was collected and the amount corrected for sulfide coming
from the mucosa itself. The intestinal flora in the mucosa converted
18.6% of the thiosulfate to sulfide; l-cystine at the same concentra-

tion produced 27.9%.

Ref. 22

Rat livers oxidize sulfide to thiosulfate. Fresh extracts of
perfused rat livers from young adult 200-300 gm male Wistar rats
in M/7.5 phosphate buffer at pH 7.3 were incubated at 37° with
2 x 1072 M sulfide; the rate of sulfide and oxygen disappearance
corresponded with the rate of formation of thiosulfate. Two
systems are involved: one stable to boiling water and, at least
partially, nonezymatic and the more important heat labile system.
Both are affected differently by pH, conc. and temperature changes.
Sulfur and sulfite are not substrates and ferritin was found to be

part of the sulfide oxidizing system.

Ref. 24

Fasting female Wistar rats weighing ca. 260 g received NapS203*
5H,0 (4.51% concentration) by gavage in a volume equivalent to 5%
body weight or by intraperitoneal injectioﬁ in a volume equivalent
to 3% body weight (2.54% concentration). Assay of 4-hour urine
found ca 23% of the sulfur load excreted as inorganic sulfate after
oral administration and approximately 85% after i.p. injection.
These results indicate that detoxification of thiosulfate is

principally an oxidative process and that tissue absorption is low.

Ref. 35

The 2-hour urinary excretion of NazS;03 administered i.v. in
doses of 0.95, 1.8 or 2.6 gm to non-pregnant and pregnant patients
being treated for veneral disease was studied. The experimental period
lasted from the 23rd week of pregnancy to the 4th week postpartus.

In general, it was found that the excretion of 5,035 occurs within
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a normal range of 19 to 37%; the percentage excreted being directly
dependent on the amount of S,03 injected. Thiosulfate excretion was
found to be depressed below the normal range to levels as low

as 5% during the last trimester of pregnancy either for a short

time or for a prolonged time without apparent etiologv; in the
short-time group the depression was not extensive, while in the
second group the depression was marked and prolonged, persisting

at times up to 12 months postpartus. There was no correlation

between S,03~ excretion and renal sufficiency or veneral disease.

Ref. 36

Female dogs weighing 5.5 to 17.0 kg received i.v. injections of
0.2, 0.5, 1.0 or 2.0 gm of sodium thiosulfate in 10 ml. Urinary
excretion of S,03 after a 2-hour collection period varied from
31 to 93% at 0.2 gm, 42 to 59% at 0.5 gm, 45 to 74% at 1.0 gm, and
62 to 687 at 2.0 gm.

Individual values of 2-hour S,03™ excretion in 6 normal pregnant
bitches given 1 gm Na;S,03 were found to be depressed throughout
pregnancy in the order of 40 to 44% with a maximum excretory depres~

sion to 32 to 36% occuring 14 to 18 days before delivery.

One dog made nephritic by exposure of one kidney to x-irradiation
and excision of the other kidney 22 and 23 days before delivery,
respectively, resulted in an immediate depression of $,03 excretion
from 38% before the nephritic state to 27% four days before delivery
(19 days after nephrectomy) without a subsequent return to pre-
nephritic levels after parturition. One ddg'with a pre—existing
moderate renal insufficiency and low S,03= excretion, developed
the characteristic depressive S,03~ excretory pattern during

pregnancy without subsequent return to pre-pregnancy levels.

In general it was found 5,03= excretion was markedly depressed

10 to 17%Z 1 to 2 days prior to and indicative of impending abortion.

Ref. 92

The kidneys of 2 male dogs were perfused in a heart-lung-kidney
preparation. Thirty minutes after connection to a circulatory fluid
containing about 1200 cc defibrinated blood and 400 cc Locke's

solution urinary flow commenced. After a thirty minute control
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phase 10 cc of a 0.5N thiosulfate solution (0.4 gm) was added to the
perfusate. The thiosulfate excretion in the urine collected every
30 minutes was 55.2 and 49.06% in 2 hours in 148 and 173 cc respectively

which is in agreement with values excreted in vivo.

Ref. 112

A quantitative determination of excretion of endogenous thio-

~sulfate was made. Twenty four hour urine specimens were collected

from 28 normal human subjects subsisting on their normal diets. Thio-
sulfate was precipitated from the urine with triethylenediamine nickel
(II) nitrate (specific for thiosulfate) and was quantitated. Details
of this procedure are provided in the Analytical chemistry section.
Concomitantly, urine nitrogen and total sulfur wefe assayed.

Table III indicates that thiosulfate, in small quantity, is a

normal constituent of the human inorganic sulfur pool. Its presence

appears to correlate roughly with N and total S excretion.

- Tapre 111
24 Hour Urinary Thiosulfate, Total Sulfur, and Nitrogen Excretion by Healthy Adulls
Suifur
Total nitrogen
No. of samples S0, ! Total
Average Range Average Range Average Range
mg. - g, mg. mg. m. gm.
8 11.5 14.9-9.6 1685 1200-1000 14.35 17.2-10.8
8 9.8 16.6-6.2 0937 987~ 900 13.3 16.7- 5.7
11 10.3 14.85.1 838 . 89% 805 ! 13.5 16.0- 9.6
9 10.2 13.3-5.7 727 760~ 700 ; 12.3 14.6- 9.3
12 7.8 12.3+4.7 641 680- 601 ° 10.9 i3.6- 9.2
8 6.5 10.8-2.7 582 509- 560 1 10.2 14.6- 6.7
7 5.6 7.1-3.2 | 146 400~ 404 9.6 12.0- 7.7
7 5.3 9.0-2.1 | 302 ! 393- 210 S.8 12.0- 6.4
i
The correlntion of thiosulfute sulfur with total nitfegen and total sulfur, assum-
ing multiple linear regression, was evaluated by the method of analysis of variance

(24) and the F' vaiue obhtained was highly significant.

Seven subjects then reduced their protein intake for three days.
Thiosulfate fell with lowered protein intake and lowered total sulfur
and nitrogen output, indicating a dependence of thiosulfate level on

the amount of dietary protein, illustrated in Table IV.
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TasLE IV
Typical Effect of Varicd Protein Intake on Thiosulfate Excretion

24 hour urine collectinns were made before the start of the diet period and 3 days
after returning {0 the usual diet,  Diet period collections were started simultane-
ously with increased or decreused protein intake.

| Sulfur
Subject i Diet Total nitrogen
$:01 Total
T mg. mg. .
K. D. Normal 5.2 625 13.6
Decrease 2.7 560 11.3
‘ 2.1 270 8.0
“ 2.9 580 7.3
Normal o 5.7 720 13.1
J. H. ‘“ 7.4 987 11.6
Increase 9.6 1010 13.6
‘8 12.3 1200 14.1
“ 14.8 898 16.0
Normal §.0 588 12.2
Ref. 208

A gauze pad was applied to the shaved stomach of each of two dogs
(3.3 kg/3.2 kg) and drenched with a radioactively labeled sodium
thiosulfate soln. After 1 hr the gauze pads were removed and excess
thiosulfate wiped off. Urine was collected every day until day 4 when

the two were sacrificed and their organs assayed for label.

A total of 0.2/0.25 % of the label was absorbed; 41/47 7
appeared in the urine within 24 hrs and another 47/40 % appeared
there during the next 3 days (the stool level was estimated to bring
the level to 100%). The following levels appeared in the organs at
sacrifice, in mg x 10~® of sulfur for an estimated 4/5 x 10-3 mg
absorbed through the skin: skin, 1.5/3.0; muscle, 1.7/1.3; bone,
1.3/1.0; cartilage, 7/11; liver, 3/7; lungs, 14/11; kidney, 10/12;
spleen, 8/12. The relative uptake by these organs paralleled the
uptake by sulfate in a previous study, suggesting that thiosulfate

is oxidized to sulfate before incorporation.

Ref. 235

White Leghorn chicks received an oral dose of HQS3504 and
liver taurine and bile taurocholate were assayed for label 1-6
hrs after dosing. When the chicks were fed a 0.3% supplement
of labeled sodium thiosulfate in the basal diet for several days
prior to the sulfuric acid, taurine and taurocholate labels were
higher than in those which received only HZS3504, indicating some

thiosulfate label incorporation.

Ref. 247
When the author received 1 gm of sodium thiosulfate (ca 16

mg/kg) as a 10% solution i.v., 357 of the original dose was detected



11.

12.

13.

24

by iodometry in the urine, unchanged, after 6 hrs. When this dose

was taken orally no thiosulfate was found in the urine.

With an oral dose of 10 gm NasS;03 (ca 170 mg/kg) in 200 ml
of water, 6.5 gm (as SO3) of sulfate above pretreatment levels
appeared within 24 hrs in the urine and another 1.6 gm (as S03)
of sulfate during the next 24 hrs, a total of 80% of dose; within
28 hrs 5.5% (548 mg) appeared as unmetabolized thiosulfate. The
subject presented diarrhea at this dose level and stool may account
for the remainder of the dose. Later, when 5 gm (ca 80 mg/kg)

were given p.o. 5.5% unchanged thiosulfate appeared in the urine.

Ref. 289
Dogs (1l.4 - 14.5 kg) were kept on a constant ration with low
but not minimal protein. They were fed various sulfur-containing

compounds, after which administration urine analyses were made.

A 14.5 kg dog received 2 gm NayS,03°5H20 (88 mg Na,S,03/kg)
on day 1, 66 mg/kg on day 3 and 44 mg/kg on day 5. The authors
conclude '"that moderate doses are readily oxidized to sulfates"

{and it appears that no thiosulfate was found in the urine].

"No appreciable amounts" of thiosulfate were found in the
urine following ingestion of up to 7.0 gm cysteic acid, up to 6
gm taurine or up to 8.2 gm isethionic and no thiosulfate was found

after a dose of 7.5 gm cystine.

Ref. 303
In the presence of 2% liver homogenate and 0.02 M sulfite 89%
of 0.01 M mercaptopyruvate was converted to thiosulfate when incubated
for 30 min at 37° and pH 7.4. The factor in the homogenate was
heat sensitive; kidney and the cell fraction of blood were also

active.

The authors state that it is possible to formulate a sequence
of established reactions, through which one molecule of thiosulfate
can be produced from two molecules of cysteine, with mercaptopyru-

vate as an intermediate.

Ref. 311
Rats were injected subcutaneously with 0.8 mg of S-35 labeled

cystine with or without a concomitant injection of 200 mg unlabeled
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NayS703+5H70. In those given thiosulfate the dose was repeated at

hr 24. Urine was collected at set intervals and analyzed for thio-
sulfate by the method of ref. 112 in the analytical section, sulfate
and residual sulfur. The results from those rats which received only
cystine are presented in table 1 and the results of those also

receiving thiosulfate are presented in table 2.

Table 1., ACTIVITIES OF EXCRECED TIlIUSULPHATE, SULPHATE AND
LRESIDU AL SULPBUR

Results are expressed as a perecntage of total activity of urlne, after

mnjection of -8 mam. of eystine-3*8 (4 animnly)

Avtivity of Activity of Activity of
1 thiasnlphlatv sulphate residun] sulphur
FTime e e R P - —
i hr.) Aver- Aver- |
age age
[ 0w | TEN 26-0
) 624 674 no-
RETE A H2-6 342
-T2 ‘ H0-8 5056

Table 2. ACTIVITIES OF EXCRFTED TIIOSULPHATE, STLTYHATE AND
RESIDCAL SULPHVX

Resnlts are expressed as a pereentace of total activity of urine, after

injection b 0-8 g, evstine-2*3 and 200 mem. Na,3,0,.611,0.

Tihe dose of Na.$,0,.5H.0 wns repeated after 24 hr. (C animals)
f 1
Activity of Activity of Activity of
thiosulphate sulphate residual sutphur
Time
(hr,) l Aver- Aver- Aver-
Ruange age Range age Range age
1)-0 33°5-03-0 | 436 |31 7-01-8 1 44 120150 155
[ENE] 1:0-19-5 76|58 °7-77 65°5 | 212 254
| J 47-52 49 13
l 30-0-60-4 ] H1 28
42-5-57-7 | 52 422
|

With no additional thiosulfate only a very small percentage of
label appeared as thiosulfate, but when large unlabeled doses were
given 33% of the sulfur from cvstine was excreted as thiosulfate by
hr 24. The authors explain that introduction of exogenous thiosulfate
inhibits the oxidation of endogenously produced thiosulfate, which
indicates that the thiosulfate pool is significant, although oxidized
rapidly.

Ref. 354

Sodium thiosulfate was administered by different routes and at

different dose levels to dogs (weight ?) and 24 hr urine samples were

collected and assaved for thiosulfate excretion (see Analytical chem.

section). The results are presented in the accompanying table.
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Thiosulfate excretion in 2 dogs

Administration Excretion Administration Excretion
mmole mmole % of mmole mmole % of
day 5203'2 route 8203‘2 dose day 3203'2 route 8203‘2 dose
1 - - 0.02 9 0.05 i.v. 0.01 0
2 - - 0.017 10 - - 0.032
3 1.0 i.v. 0.465 45 11 2.0 i.v. 1.37 69
4 - - 0.02 12 - - 0.036
5 - - 0.03
6 1.0 p.o. 0.175 14 1 2.0 s.C. 0.42 20
7 - - 0.03 2 - - 0.04
8 0.2 i.v. 0.043 7 3 8.0 s.c. 2.30 28

This study also found the following: thiosulfate was present in
urine in small amounts, even before dosing; no tetrathionate could be
detected in the urine after any administration of thiosulfate; no in-
crease in thiosulfate output was observed after injection of Sufrogel

(sulfur).

15. Ref. S2
Thiosulfate in the urine of various species was assayed. Results
are presented in the accompanying table. It was concluded that the
reason some workers were unable to find thiosulfate in urine was due

to the insensitivity of their method.

A cat was fasted for 3 days, 4 guinea pigs for 1 day and a rabbit
received a purgative and then put on a partial fast for 2 days
and a complete fast for 1 day. The rabbit and cat received physiological
saline injections to promoteurination. 1In all species 24 hr excretion
increased remarkably above prefast levels (5 x in the cat, 2 x in

guinea pigs and 3 x in the rabbit).
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After verifying that urinary excretion of thiosulfate was
constant & rats were given a diet "deprived of sulfur" for 3 days,
were fasted for the next three days and then went back to the
sulfur free diet for three days more. During fasting they received
physiological saline. The 24 hr urinary thiosulfate levels
dropped sharply when the animals were fed a sulfur free diet and

rose to above preexperiment levels when fasted.

16. Ref. S1

The single injection of thiosulfate (6.7% anhydrous in
isotonic saline or 5% dextrose) and the infusion/slope methods for
the measurement of extra cellular water was evaluated in 30-50
yr old female patients, not normal but with no discernible cause
for disturbance in hydration. The volume of thiosulfate distribution
measured by either method did not compare with each other or with
the volume of sucrose distribution and not all thiosulfate could be
recovered. It was concluded that besides entering extracellular
space or being removed by renal clearance some thiosulfate was

metabolized, possibly intracellularly.



TABLE 1

Content of thiosulfate in the urine of different animals

Species mg NaS;03/1liter Diet
guinea pig (a)group 1 2.93(b) 3.01(®) bread crumbs, carrots
(a)group 2 2.44 2.46 rutabegas
rabbit no. 1 12.60
no., 2 9.40 carrots, potato pealings
no. 3 31.80 30.0
cow no. 1 8.1 7.7 dry fodder
no. 2
horse 38.6 54.8 dry fodder, oats
cat no. 1 64.0 67.0
no. 2 60.4 52.9 milk, meat, fish
no. 3 32.2 34.0
dog bread soup, carrots,
potatoes
man no. 1 8.1
no. 2 7.0
no. 3 8.9
no. 4 7.1 varied diet
no. 5 5.4
no. 6 5.8
no. 7 5.9
no. 8 5.4

(a) 2 animals/group; (b) results on different davys
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Effects on enzymes and other biochemical parameters

1. Ref. 12

The i.p. administration of 1-2 gm sodium thiosulfate to 390 to
480 gm pigeons for 14 to 30 days causes an increase in glutathione
content of the blood from 45 to 62.5 mg/100 ml before treatment to
70 to 84.5 mg/100 ml after treatment and in the liver from 280 to
295 mg/100 gm to 310 to 337.5 mg/100 gm. [The authors do not state
that a reduction in body weight (fluid ?) of ca 70 gm was accounted

for or could account for a relative increase in glutathione content].

2. Ref. 31

When fresh rat brain particles are incubated in glutamine substrate

at pH 7.4 and 30° with 0.13 M thiosulfate and 0.035 M HCO3 16.3 ug
NH3/m1/120 min are formed, while 3.7 pg NH3/ml/120 min are formed
without thiosulfate; other salts are more effective than thiosulfate

in inducing NH3 production.

3. Ref. 39

Sixteen times more streptomycin was necessary to produce bacterio-
stasis of an E. Coli culture when 0.5% sodium thiosulfate was added
to the tryptone broth than when no thiosulfate was present. Other re-

ducing agents also had a similar effect on streptomycin.

4, Ref. 104

Oxidation of sulfite with partiallv purified rat liver oxidase
in 0.050 M phosphate buffer at pH 7.8 and 0.005% versene Fe(III)
is inhibited 50% in 10=3 M sodium thiosulfate.

5. Ref. 191

In vitro studies were made of the effects of Na,S;03 on the phago-
cytotic activity of polymorphonuclear leukocytes (PMN). A suspension
of 2 cc of horse PMN previously washed in 50 ml of a 0.7% NaCl and
1.1% sodium citrate solution per 150 ml whole blood, was added to a
test tube to which was also added 0.25 ml of a B. Coli culture in
peptone broth and various concentrations of NaySp03. After 10-20 min
samples of the suspension were stained with Loefflers blue stain and

300 PMN cells were counted for phagocytotic activity.

29
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Control values ranged between 20 to 90 bacteria phagocytised per
100 PMN cells while 0.1 N Naj5203 treated cells ranged from 34 to 70,
0.01 N from 23 to 219, 0.001 N from 42 to 194 and 0.001 N from 53 to
207. The thiosulfate acts as a powerful stimulant at 0.01 N to
0.001 N while a concentration of 0.1 N Na»S,03 can decrease or even

suppress PMN phagocytic activity.

6. Ref. 146

The effect of a 2.0 gm i.v. injection of sodium thiosulfate on
the histaminase activity of blood was determined. Venous blood was
withdrawn from human patients (eczema, gonorrhea, syphillis, tabes)
before and 15 min post injection. The blood was defibrinated, combined
with 3 ug histamine and 1 ml Tyrode solution, shaken in a special
apparatus at 37° for 90 min in an O, stream, and finally analyzed

for remaining histamine.

Histaminase activity increased 40% after addition of thiosulfate.

Cholinesterase activity also increased by 30%Z (no details provided).

7. Ref. 153

- Guinea pigs received a sensitizing dose of 0.1 ml of human or
bovine serum i.p. After 14 days shock and death within 10 min

were provoked by 1.p. injection of 1 ml of the same serum. Lethal
shock could be prevented by adding 2% glucose and 2% sodium thiosulfate
to the provoking serum or by an i.p. injection of 0.5 ml of 10% sodium
thiosulfate prior to injection of the serum. The antianaphylactic
effect of the thiosulfate injection lasted for several days with a
maximum after 24 hrs. Once the first symptoms of shock were

declenched though, no amount of thiosulfate could inhibit the

reaction. Also, Na35303 added to serum could not prevent sensitization.

If young horses received "a strong dose" of 10% NapS003 4 hrs before
bleeding no symptoms were produced when 1 ml was injected into sensi-
tized guinea pigs. Since thiosulfate itself disappears from the blood

rapidly thiosulfate is probably operating on some serum fraction.

8. Ref. 160
The administration of Naz5,03 was employed in the treatment of 6
cases of various allergic manifestations including, migraine, urticaria,

Arthus reaction and serum anaphylaxis. 1In general the patients were
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treated by the i.v. administration of 0.49 or 0.97 gm Nap5303 with

complete resolution of the disease within minutes.

In one case the 5,03 was administered orally at an approximate
dose of 2.08 gm daily to a 10 year old female with allergic migraine.
Within 2 weeks abdominal pain had ceased and the migraine headaches
were greatly reduced. Another case diagnosed as Arthus reaction
of the arm responded to 2 separate daily injections of 0.486 gm

Na;5,03 each without sequellae.

9. Ref. 174

The inactivation of thyroid stimulating hormone (TSH) by excess
iodine and subsequent restoration of activity by sodium thiosulfate
was studied in ca 250 g guinea pigs. All animals received an
oral pretreatment of 1 ml Lugol soln (containing 250 ug iodine/ml)
daily, for 14 days. Then groups of three received, s.c. and
daily, either 5 guinea pig equivalents (5 GPE = 0.286 mg) of TSH,
5 GPE inactivated by excess iodine, or 5 GPE inactivated by excess
iodine but then treated with N/100 sodium thiosulfate before injection,
for three days. On day 4 all animals were sacrificed and their

thyroids were examined.

Those receiving TSH exhibited the characteristics of an activated
thyroid (average cuboidal epithelial cell height was 15.2 p compared
to 5.9 pu in controls), while the iodine inactivated TSH treated
animals presented still quiescent thyroids (7.2 u average cuboidal
epithelial cell height). When the inactivated hormone was further
treated with sodium thiosulfate before injection 55% of TSH activity
was restored (as measured by cuboidal epthelial cell height of 12.5
u); further evidence of thyroid stimulation included a loss of
colloidal material from the follicles and a high rate of mitosis.

10. Ref. 184
In vitro 1072 M sodium thiosulfate inhibits the amboceptor-

complement dependent hemolysis of sheep erythrocytes.

11. Ref. 201
In vitro studies of the effects of varying amounts sodium thio-
sulfate on clot formation of normal human blood indicated that a concen-

tration of 0.017 gm/cc blood or greater prevented clotting. The
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addition of calcium did not induce coagulation of blood rendered in-
coaguable by the sodium thiosulfate but in the presence of thrombo-
plastin clotting occurred at a normal rapid rate. Addition of the
thromboplastin without calcium to the blood will result in clot

formation but at a very slow rate, usually 3 to 4 times normal.

Sodium thiosulfate does not disturb the normal clotting mechanism
in vivo unless rather large amounts of concentrated solutions are
employed. A dose of 50 cc of a 50% solution [dose ? Density not given]
was required to induce the prolongation of clotting time 2 to 3 fold
1 to 3 days after the injection. The large dose required to initiate

this effect suggests a probable nonspecific effect.

12, Ref. 207
Patients presenting paroxysms of malaria received 0.75, 1.5 or 3.0
gm sodium thiosulfate (ca 12.5, 25 or 50 mg/kg) 3 times a day as a
4.5% solution for 5 or 10 days. Of 79 cases 51.37% reacted by cessation
of their paroxysms (the proportion at each dose level is not given).
In cases which reacted favorably the number of parasites in the blood
decreased and the number of eosinophils increased. No harmful effects were

observed from this treatment.

13. Ref. 294

Miners suffering from varying degrees of lead poisoning were re-
moved from the exposure area and received 1.95 gm (ca 32 mg/kg) of
sodium thiosulfate i.v. in a few ml of water on alternate days.
The average ratio of monocytes plus large lymphocytes to small
lymphocytes in 18 patients was 1.23, which rose to a statistically
significant ratio of 3.22 after an average of 16 days, and clinically
"improvement under this method of treatment was definitely more rapid
than could be accounted for by mere removal of the subject from the

lead hazard."

14, Ref. 314

In the treatment of thrombangiitis obliterans the i.v, administra-
tion of 1 to 2 gm Na3S»03 at varying intervals to several patients
produced a marked increase in the oxygen capacity (4 to 7 volZ) and
oxygen saturation (8 to 24%) of blood. Concomitant with the increased
oxygen saturation were associated increased peripheral temperatures,

decreased pulse rate and decreased blood pressure with an improvement



of the disease.

The authors found that the NapS;03 slightly increases the content
of the oxidation catalyst glutathione and postulate that this increase

is responsible for the amelioration of the disease.

15. Ref. 347

Thyroid stimulating hormone (2 mU of TSH) was incubated for 2 hrs
with 1 ug of I, in Krebs-Ringer-phosphate at pH 7.4. Some samples
then received 10‘1, 102 or 1073 M sodium thiosulfate and were incubated
for another hr. Aliquots of the treated TSH were injected i.v. into
mice which previously received injections of 1131, The thyrotrophic
effect was measured by the percent increase in circulating radioactivity
2 hrs after the injection. The addition of 10"! M thiosulfate but
not 1072 or 10~3 M restored some of the TSH activity removed by iodine

pretreatment.

16. Ref. S4
Male 20-27 gm ddN strain mice received 0.1 ml of 0.97 NaCl contain-

ing radioactive sr85 s.c. Immediately thereafter they received 16 mg
Na;S-03 (600-800 mg/kg) s.c. and then again daily for two days. After
72 hrs the animals were sacrificed and their excrement and femur were
analyzed for sr85. Radioactive Sr content in urine was 30% after
thiosulfate treatment and 217% in controls; retention in the skeleton

was 27%, 7% less than controls. When thiosulfate treatment was combined

with 1 mg/day nonradioactive SrCl, bone label dropped to 20%.

33
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IV, Drug interactions

1. Ref. 37
Female albino 220-240 gm rats and male albino 2.0-2.5 kg New Zealand

rabhits, which fed and drank ad libitum, received a 10% aqueous Na;S5,03°
5H,0 solution i.v. 5-8 min before receiving 1 mg/ml of methyl bis(B-
chloro)amine hvdrochloride (HN2) in 0.9% NaCl or 1 mg/ml of l-methyl-
1-(f-chloroethyl)-ethylimonium picrvlsulfonate (CPS) in 5% dextrose.
When doses "such as 1 gm/kg" of thiosulfate pentahydrate were injected
prior to HN2 no significant change in the LDs5o was found, but with

this thiosulfate pretreatment the CPS LDg5; rose significantly.

The results are presented in table V.

Table V. Summary of 1.1, data on HN2 and CPS in rats and rabbits, with and
without TS protection

T HN? 1 HN2 - TS | cps | CPS + 18
Rats® 0.4 to 0.5 mz Kg. 0.6 mg. Kg. 1.8 to 2.0 mg. per 7.0 to 7.3 mg K
kilozram
(0.0021 to 0.0026 (0.0031 mM.’Kg.) (0.0011 to 0.0049 (0.0170 to 0.0183
mM./Kg.) mM. Kg) mM. Kg.)
Rabbitsi 2 to 3 mg. 'Kg. < 3.0 ma.-Kg. < 2.0 my Ko §.10 mz. K.
. (0.0104 to 0.0156 < (0.0156 mM./Kg) < (0,003 mML Ke) (00193 to 0.02.43
miL Ke) ' mM. Kg)
*Female rals, Charles River, 220 to 240 wrams, |
1Male albino New Zealand rabbits, 2.0 to 2.5 kilograms.

In humans suffering from metastatic carcinoma 128 mg of anhydrous
thiosulfate/kg, infused i.v. in 5% glucose, helped protect against
leukopenia and thrombocytopenia associated with nitrogen mustard treatment,
when total doses of 4.8 - 7.6 mg CPS/kg and 2.0 - 4.8 mg HN2/kg were
administered in portions over several days. One patient died on this
treatment after receiving 2 x 1.6 mg HN2/kg, probabaly from pulmonary

embolus. Thiosulfate was more protective of CPS than HN2.

2. Ref. 57

An anticurare action with 100 - 150 mg/kg of NapS,03 was observed
on the sciatic nerve of the hind leg of an anesthetized rabbit
previously treated with D-tubocurarine or di(iodoethylate of bis
piperidylethyl) piperazine. The absence of a similar action of sodium

sulfate indicates the anticurare activity is in the S,03 anion.



35

The anticurare activity was not related to an anticholinestrase action of

the S,03.

3. Ref. 77

Five artifically respired dogs (10.5 - 19 kg) received 20 mg/kg
of malonitrile i.v. After an initial rise arterial pressure fell
(measured in one dog), CO; production (cm3/min/kg) dropped 13 - 28.5%
and 0, absorption (cm3®/min/kg) fell 47.8 - 81.9% below normal. These
parameters remained depressed for extended periods of time. I.v.
injection of a 10% solution of sodium thiosulfate (400 mg/kg) brought

these values to normal fairly rapidly.

4. Ref. 244

Intramuscular administration of lg/kg of sodium thiosulfate to
adult Swiss W mice 5 min before i.p. injection of malonitrile raised
the LDgy of malonitrile 8x, from 13 mg/kg without thiosulfate. In-
creasing the thiosulfate dose to 1.5 gm/kg produced no further change

in the malonitrile LDsgp.

5. Ref. 246

. Male 320 - 380 gm Sprague-Dawley rats received 3.0 mg/kg

of dibenzyline i.m., preceded and/or followed by 2.0 g/kg of sodium
thiosulfate s.c. initially, and then 1.0 g/kg/hr as a 10% solution

in water. This dose maintained a thiosulfate blood level of 100
mg/100 ml, which antagonized the adrenergic blocking of dibenzyline.
Heparin was administered, blood pressure was recorded through a
cannulated carotid artery and increasing challenge doses of adrenaline-
HC1l (1.0 to 1000 ug/kg) were injected in the femoral vein to determine

the extent of adrenergic blockade.

Dibenzyline produced complete blockade of pressor responses up to
1000 pg/kg adrenaline, the maximum level tested. When thiosulfate
treatment was begun 2 hrs before the dibenzyline injection and continued to
the challenge dose with adrenaline (up to 12 hrs, the maximum time the
animals remained in good condition), this treatment almost completely
prevented the development of dibenzyline blockade. Partial reversal
was seen in 2 animals at 2.0 ng/kg adrenaline and 1 at 1.0 ug/kg but

there was no blockade at all in the 5 others.



In another group thiosulfate treatment was initiated 1 to 18
hrs after dibenzyline injection and continued to the challenge test
2, 5 or 10 hrs later; thiosulfate had little effect here. When it
was given 2 hrs prior to dibenzyline and continued for 4 to 10 hrs,
which was 5 or 10 hrs before adrenaline challenge when blood levels
of thiosulfate were 20 mg/100 ml or less, partial but significant

adrenergic blockade was observed in all animals.

6. Ref. 264

The addition of 15 mg/100 ml sodium thiosulfate to a gelatin
solution of 4 mg/100 ml phenyl mercuric borate, a mercurial preserva-
tive, significantly prevented the mercurial induced thrombosis in
rabbit ears after intravenous injection of the solution. The pro-
tective effects of the thiosulfate is attributed to its reductive
properties converting mercuric ioms to the mercurous form rendering

the compound less irritative.

36
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Consumer exposure information

Summary of possible daily intake of sodium thiosulfate from NAS/NRC
comprehensive GRAS survey, Oct. 1972, table 13A.

Possible daily intake as mg sodium thiosulfate

Food Category Age Average(l) High A(z) High B(3)

Alcoholic beverages 0-5 mos 0.0(4) 0.0(4) 0.0(4)
6-11 mos (5) 0.00001 (5
12-23 mos (5) 0.00002 (5)
2~-65 yrs 0.00325 0.00944 0.01625

(1) Usual additive use and mean consumption

(2) Usual additive use and high consumption

(3) Maximum addtive use and mean consumption
(4) VUsage at levels below 0.00000%

(5) Usage levels are either negligible or unknown

Summary of levels of sodium thiosulfate used in regular foods. Data

providéd by the NAS/NRC comprehensive GRAS survey, Oct.,1972, table 2.

Usual use Max. use
Food Category No. firms reporting Wtd mean ppm Wtd mean ppm
Alcoholic Beverages (1) 0.1 0.5

(1) 3 or fewer firms reported

The October 1972 NAS/NRC survey does not report use of sodium
thiosulfate in any other food category than alcoholic beverages. A
previous publication (Chemicals Used in Food Processing. Publ. 1274,
NAS/NRC, 1965) states that it is used as an antioxidant to prevent precut

potatoes from browning and as a stabilizer (0.1%) for KI in iodized salt.
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